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[57] ABSTRACT 

An improved illuminated LCD apparatus of the type com 
prising a PCB (7;10) upon Which are mounted a liquid 
crystal display (1), at least one light source (3), a light guide 
(2) disposed betWeen the liquid crystal display and the 
substrate for distributing light from the light source over an 
area of the liquid crystal display, and light attenuating means 
(5;18,20) disposed betWeen the light guide and the substrate 
and comprising a pattern of areas of differing optical re?ec 
tance for reducing the intensity of the light reaching portions 
of the liquid crystal display nearest to the light source. The 
improvement comprises the light attenuating pattern being 
printed directly onto the substrate, thereby improving the 
efficiency and accuracy With Which the pattern is applied. 
The light attenuating pattern may include elements formed 
as part of the usual PCB production process. 

14 Claims, 2 Drawing Sheets 
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Fig.1. 
PRIOR ART. 
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PRloR ART. 
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BACK ILLUMINATED LCD APPARATUS 
WITH LIGHT ATTENUATING MEANS FOR 

EVEN LIGHT DISTRIBUTION AND 
METHOD OF MANUFACTURE 

BACKGROUND OF THE INVENTION 

This invention relates to an illuminated liquid crystal 
display (LCD) apparatus and a method of manufacturing 
such apparatus, and more particularly to a liquid crystal 
display Which is illuminated from behind. 

It is common practice to use a light guide (or “light-pipe”) 
behind an LCD to distribute light from one or more light 
sources, such as light emitting diodes (LED’s). The light 
guide generally comprises a plate-like member, the LED’s 
being located in recesses at the side faces of the light guide. 
Light enters the light guide through the side faces and is 
distributed through the light guide by internal re?ection. The 
front face of the light guide may be “roughened” to make it 
lossy so that light escapes into the LCD. The light guide thus 
acts to distribute light over a Wide area of the LCD. 

HoWever, When relatively feW light sources are used, 
there is a tendency for the illumination to be uneven over the 
Whole area of the LCD. Generally, the light is more intense 
nearer to the LED’s and less intense further aWay. 

EP-A-0 571 173 discloses a solution to this problem of 
uneven light distribution by the provision of light attenuat 
ing means, in the form of a pattern of dots, disposed adjacent 
the light guide and arranged to reduce the intensity of the 
light reaching those portions of the LCD nearest to the light 
source. FIGS. 1 to 3 of the accompanying draWings illustrate 
LCD apparatus and light attenuating means as disclosed in 
EP-A-0 571 173. 

As seen in FIGS. 1 and 2, the apparatus comprises a liquid 
crystal display 1 behind Which is mounted a ?at, plate-like 
light guide 2 (typically of acrylic). A number of light 
emitting diodes (LED’s) 3 are provided along opposing side 
faces of the light guide 2 for injecting light into the light 
guide. The tWo sets of LED’s 3 are located in respective 
recesses 4 at the sides of the light guide 2. 

The light attenuating means 5 is disposed beneath the 
light guide 2, and may comprise a thin sheet of re?ective 
material such as White paper, on Which is printed in black ink 
a pattern of dots 6 as shoWn in FIG. 3. The pattern of dots 
6 includes tWo half-ellipse shapes eXtending from respective 
edges of the attenuation means 5 adjacent the roWs of LED’s 
3. The assembly is mounted on a substrate 7 such as a 

printed circuit board (PCB). 
The dot patterns 6 reduce the overall level of re?ection 

from the back face of the light guide 2 Within the tWo 
half-elliptical areas. This has the effect of attenuating the 
amount of light Which escapes from the light guide 2 into the 
LCD 1 at the corresponding areas. Accordingly, a more 
uniform illumination can be achieved over the Whole area of 
the LCD. The pattern of dots 6 can be varied in siZe, shape, 
density or location to suit different arrangements of light 
sources. The density of the dots might also be varied Within 
the pattern to provide a graduated distribution. Reference is 
made to EP-A-0 571 173 for further details of these aspects. 

EP-A-0 571 173 suggests that the light attenuating means 
5 be provided as a separate sheet having the dots 6 printed 
upon it, or may be coated onto the surface of the light guide. 
In practice, the light attenuating means 5 has been provided 
in the form of a self-adhesive paper label, having a White 
background upon Which the light attenuating pattern is 
printed. The label is applied to the surface of the substrate 7 
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2 
prior to installation of the light guide 2 and LCD 1. This 
arrangement is not entirely satisfactory, since the application 
of the labels is time-consuming and because relatively slight 
mis-alignment of the label on the substrate can result in poor 
light distribution in the ?nished article. 

SUMMARY OF THE INVENTION 

In accordance With a ?rst aspect of the present invention 
there is provided an illuminated liquid crystal display appa 
ratus comprising a substrate having mounted thereon: 

a liquid crystal display; 
at least one light source; 
a light guide comprising a transparent plate-like member 

having front, back and side faces and being disposed 
betWeen the liquid crystal display and said substrate for 
distributing light from said at least one light source 
over an area of the liquid crystal display; and 

light attenuating means disposed betWeen said light guide 
and said substrate and comprising a pattern of areas of 
differing optical re?ectance for reducing the intensity 
of the light reaching portions of the liquid crystal 
display nearest to the light source; 

Wherein said light attenuating means is printed on said 
substrate. 

In accordance With a second aspect of the present inven 
tion there is provided a method of providing light attenuat 
ing means in an illuminated liquid crystal display apparatus, 
said liquid crystal display apparatus comprising: 

a substrate having mounted thereon a liquid crystal dis 
play; at least one light source; a light guide comprising 
a transparent plate-like member having front, back and 
side faces and being disposed betWeen the liquid crystal 
display and said substrate for distributing light from 
said at least one light source over an area of the liquid 
crystal display; and light attenuating means disposed 
betWeen said light guide and said substrate and com 
prising a pattern of areas of differing optical re?ectance 
for reducing the intensity of the light reaching portions 
of the liquid crystal display nearest to the light source; 

Wherein said light attenuating means is formed by printing 
said light attenuating pattern directly on said substrate. 

In the case of both the ?rst and second aspects of the 
invention, the light attenuating means may include a ?rst 
background layer printed on said substrate. The background 
layer may comprise an opaque solder resist material sub 
stantially covering the substrate. 
The light attenuating means may further include a plated 

copper pad located adjacent the position of each light source 
on the substrate, the plated pad having an optical re?ectance 
less than that of the background layer. 
The light attenuating means may also include at least a 

second layer printed on top of said ?rst layer to de?ne areas 
of differing optical re?ectance. Where copper pads are 
employed as part of the light attenuating pattern, the second 
layer may be printed on top of the copper pads and on top 
of part of said background layer adjacent the pads. The 
second layer may suitably comprise a pattern of dots. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Embodiments of the invention Will noW be described, by 
Way of eXample only, With reference to the accompanying 
draWings in Which: 

FIG. 1 is a schematic cross-section of a prior art liquid 
crystal display apparatus; 

FIG. 2 is a plan vieW of the liquid crystal display 
apparatus of FIG. 1; 
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FIG. 3 is a plan vieW of a light attenuating member for use 
in the liquid crystal display apparatus of FIGS. 1 and 2; 

FIG. 4 is a schematic plan vieW of part of a printed circuit 
board upon Which liquid crystal display means may be 
mounted in accordance With the present invention; and 

FIG. 5 is a vieW similar to FIG. 4 after the application of 
light attenuating means to the printed circuit board in 
accordance With the present invention. 

DETAILED DESCRIPTION OF THE 
INVENTION 

The liquid crystal display apparatus provided by the 
present invention corresponds generally to the prior art 
apparatus illustrated in FIGS. 1 and 2, and Will not be 
described in detail herein. It Will be understood that the 
general con?guration of the LCD 1 and the number, arrange 
ment and type of the light sources 3 may vary according to 
need. It Will also be appreciated that the relative thickness of 
the light attenuating member 5 is greatly exaggerated in FIG. 
1. 

In accordance With the present invention, the light attenu 
ating member 5 is provided by printing a background layer 
(normally White in colour) having a substantially uniform 
optical re?ectance on the substrate 7 and overprinting the 
light attenuating pattern 6 on top of the background layer. 
This printing may suitably be carried out as part of the 
process of manufacturing the substrate, prior to installation 
of components thereon. The printing may be carried out by 
any suitable process such as silkscreen printing, and may be 
performed by automated apparatus (as is Well knoWn in the 
art) so as to ensure accurate positioning of the light attenu 
ating means 5. Accordingly, the formation of the light 
attenuating means may be automated and integrated into the 
substrate manufacturing process. 

The variations in re?ectance provided by the light attenu 
ating pattern may be obtained by patterns other than, or in 
addition to, printed dots; for example, by means of larger 
areas having substantially uniform re?ectance but differing 
from the re?ectance of the base layer. 

One particular example of light attenuating means formed 
in accordance With the invention Will noW be described With 
reference to FIGS. 4 and 5. 

FIG. 4 shoWs part of a printed circuit board (PCB) 10 
corresponding to the substrate 7 of FIGS. 1 and 2. Formed 
on the surface of the PCB 10 are ?rst and second copper pads 
12 and 14 Which provide part of the light attenuating pattern. 
The copper pads 12, 14 may be formed at the same time as 
the conductive copper tracks (not shoWn) of the printed 
circuit, but do not form part of the circuit as such, and are 
tin/lead plated at the hot air solder level so as to have a 
metallic grey colour. The pads 12, 14 are located Within and 
adjacent to the side edges of the area Which Will be covered 
by the light guide in the assembled apparatus, adjacent the 
positions 16 (FIG. 5) Which Will be occupied by the LED’s. 

The main background area 18 of the light attenuating 
pattern is silkscreen-printed onto the PCB so as to cover at 
least the area Which Will be covered by the light guide, 
except for the areas occupied by the plated pads 12, 14. If the 
pads 12, 14 are omitted then the corresponding areas Would 
be covered by the printed background 18. The background 
area 18 is of substantially uniform optical re?ectance, the 
pads 12, 14 having a re?ectance loWer than the background 
18. The background 18 Will normally be White in colour. 

The light attenuating pattern is completed by silkscreen 
printing the patterns of black dots 20 over the pads 12, 14 
and part of the background 18, adjacent the LED positions 
16. 
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4 
The completed light attenuating pattern thus provides 

areas having three differing aggregate re?ectances: the pads 
12, 14 overprinted With the dots 20 providing the loWest 
aggregate re?ectance in the areas nearest to the LED posi 
tions; the areas of the background 18 overprinted With the 
dots 20 adjacent the pads 12, 14 providing a medium 
aggregate re?ectance; and the plain background area pro 
viding a highest aggregate re?ectance. 

The light attenuating pattern of FIG. 2 could also be 
achieved by omitting the copper pads 12, 14 and printing 
corresponding areas on top of the background layer. 
HoWever, it is found to be more convenient to form part of 
the light attenuation pattern by means of copper pads applied 
during the printing of the printed circuit itself. 

Whilst the background layer covers at least that portion of 
the PCB Which Will be covered by the light guide, it may 
cover a larger area or substantially all of the PCB area. 
PCB’s conventionally include a layer of solder resist 
material, Which is commonly of a translucent green colour. 
The present invention could be implemented by using an 
opaque solder resist having the required optical re?ectance, 
Which Would serve as the background layer of the light 
attenuating pattern. This Would eliminate a further process 
step and the printing of the ?nal dot pattern Would be the 
only step required in addition to the normal PCB process 
steps, since the copper pads (if used) Would be formed and 
plated as part of the circuit printing process and the back 
ground Would be formed by application of the solder resist. 

It is noted here that in the present context the term “dot” 
is not restricted to a small circular area and the expression 
“pattern of dots” is intended to include any discontinuous 
pattern of recurring features such as dashes, ovals, stars, 
squares or other shapes. 

It Will be evident from the foregoing description that 
various modi?cations may be made Within the scope of the 
present invention. In particular, as previously noted, the light 
attenuating pattern may be varied according to need in terms 
of the siZe, shape and number of the light attenuating areas 
of the pattern, and the use of differing shades and/or patterns 
of dots to achieve the required light distribution, including 
the use of graduated patterns. Reference is again made to 
EP-A-0 571 173 for examples of such variations. HoWever, 
the present invention is not limited to these speci?c 
examples. 
What is claimed is: 
1. An illuminated liquid crystal display apparatus com 

prising a substrate having mounted thereon: 
a liquid crystal display; 
at least one light source; 
a light guide comprising a transparent plate-like member 

having front, back and side faces and being disposed 
betWeen the liquid crystal display and said substrate for 
distributing light from said at least one light source 
over an area of the liquid crystal display; and 

light attenuating means disposed betWeen said light guide 
and said substrate and comprising a pattern of areas of 
differing optical re?ectance for reducing the intensity 
of the light reaching portions of the liquid crystal 
display nearest to the light source; 

Wherein said light attenuating means includes in part a 
light attenuating material printed upon said substrate. 

2. An illuminated liquid crystal display apparatus as 
claimed in claim 1, Wherein said light attenuating means 
includes a background layer having an optical re?ectance. 

3. An illuminated liquid crystal display apparatus as 
claimed in claim 2, Wherein said background layer com 
prises an opaque solder resist material substantially covering 
said substrate. 
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4. An illuminated liquid crystal display apparatus as 
claimed in claim 2, wherein said light attenuating means 
further includes a plated copper pad disposed on said 
substrate and located adjacent the position of each light 
source, said plated pad having an optical re?ectance less 
than that of the background layer. 

5. An illuminated liquid crystal display apparatus as 
claimed in claim 2 Wherein said light attenuating means 
includes at least a second layer printed on top of said ?rst 
layer to de?ne areas of differing optical re?ectance. 

6. An illuminated liquid crystal display apparatus as 
claimed in claim 2, Wherein said light attenuating means 
further includes a plated copper pad disposed on said 
substrate and located adjacent the position of each light 
source said plated pad having an optical re?ectance less than 
that of the background layer and Wherein a second layer is 
printed on top of said copper pad and on top of part of said 
background layer adjacent said pad. 

7. An illuminated liquid crystal display apparatus as 
claimed in claim 5 Wherein said second layer comprises a 
pattern of dots. 

8. A method of providing light attenuating means in an 
illuminated liquid crystal display apparatus, said liquid 
crystal display apparatus comprising: 

a substrate having mounted thereon a liquid crystal dis 
play; at least one light source; a light guide comprising 
a transparent plate-like member having front, back and 
side faces and being disposed betWeen the liquid crystal 
display and said substrate for distributing light from 
said at least one light source over an area of the liquid 
crystal display; and light attenuating means disposed 
betWeen said light guide and said substrate and com 
prising a pattern of areas of differing optical re?ectance 
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for reducing the intensity of the light reaching portions 
of the liquid crystal display nearest to the light source; 

Wherein said light attenuating means includes a portion 
formed by printing a light attenuating material upon 
said substrate. 

9. A method as claimed in claim 8, including the step of 
printing a ?rst background layer on said substrate. 

10. A method as claimed in claim 9, Wherein said back 
ground layer comprises an opaque solder resist material 
substantially covering said substrate. 

11. A method as claimed in claim 9, further including the 
step of forming a plated copper pad on said substrate at a 
location adjacent the position of each light source on the 
substrate, said pad having an optical re?ectance less than 
that of the background layer. 

12. A method as claimed in claim 9, further including the 
step of printing at least a second layer on top of said 
background layer after said ?rst background layer is printed 
to de?ne areas of differing optical re?ectance. 

13. Amethod as claimed in claim 12 including the step of 
forming a plated copper pad on said substrate as part of said 
?rst background layer at a location adjacent the position of 
each light source on the substrate, said pad having an optical 
re?ectance less than that of the background layer and 
Wherein said second layer is printed on top of said copper 
pad and on top of part of said background layer adjacent said 
ad. 

p 14. An illuminated liquid crystal display apparatus as 
claimed in claim 12 Wherein said second layer comprises a 
pattern of dots. 


